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Improved Wire Bond Package and Pack aging Method 

Field of the Invention 

The present invention relates to semiconductor packaging systems. 

Background of the Invention 

Semiconductor circuits are fabricated on chips that are then mounted in various forms 
of packages that are, in turn, incorporated into larger circuits that are assembled on printed 
circuit boards or the like. Ideally, the packaging operation is carried out on a large number of 
dies that are packaged together. In this arrangement, the dies are connected to a lead frame 
that consists of a number of copper traces that are connected together to form a single fabric. 
After the dies are bonded to the traces, connections are made between the pads on the die and 
the traces via wire bonds, or the like. A plastic layer is molded over the dies to protect the 
dies. The resultant sheet is then divided into individual packaged circuits by cutting the sheet 
along lines that separate the various dies and remove the portions of the fabric that were 
intended merely to keep the sheet together during the packaging process. 

One class of integrated circuit requires that the space over the die be a cavity that is 
evacuated or filled with a gas. For example, RF circuits require such an air gap. This cavity 
must be sealed to protect the integrated circuit and/or prevent the environment over the die 
from being altered by the air that surrounds the package. 

A number of prior art methods have been proposed to provide such a cavity in an 
inexpensive plastic package. For example, US Patent 5,946,556 teaches a packaging system 
in which a lid is used to create a cavity over the die. This design requires that the air cavity 
be sealed using adhesive. In addition, the lid covers must be attached to the dies one at a 
time. The adhesive seal of the lid to the underlying portion of the package is not sufficiently 
reliable. In addition, the need to individually place the lids over the dies substantially 
increases the manufacturing time, and hence, the cost of the packaged part. An arrangement 
which utilizes the mold compound to seal the lid over the air cavity is taught in US Patent 
5,362,679. While this arrangement solves the problem associated with the lack of reliability 
of the adhesive seals, the method still requires that each of the metal caps be individually 
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placed over the dies prior to the encapsulation process. Hence, the problems associated 
manufacturing time still remain. 



Summary of the Invention 

5 

The present invention includes a method for packaging a plurality of dies. The 
method starts by attaching each die to a corresponding mounting station in a structural 
member that includes a base member having first and second surfaces. The base member 
includes a plurality of mounting stations. Each mounting station has a cavity wall that 
10 surrounds that mounting station and extends from the first surface thereby forming an open 
cavity around the mounting station. After the dies have been mounted, a lid sheet is 
positioned over the structural member. The lid sheet includes a plurality of covers for closing 
the cavities. The covers are connected to one another by connection members. The structural 
member with the positioned lid sheet is then placed in a mold with a molding compound in 
15 contact with the lid sheet. The mold has a surface that forces the covers against the cavity 

while forcing the molding compound between the cavity walls. Once the molding compound 
has solidified, the molded sheet is then divided into the individual packaged dies. In one 
embodiment, one or more of the connection members include a spring member that extends 
away from the covers and the first surface. The spring member is in contact with the mold 
20 surface when the molding compound is forced between the cavity walls, and hence, forces the 
covers against the cavity wall to assure that the cavity is sealed by the cover and overlying 
molding compound. In another embodiment, the mounting stations include a die mounting 
pad and a plurality of wire bonding pads for making connections to the signal and power pads 
on the die. The die is preferably mounted on the die mounting pad using a heat conducting 
25 adhesive so that the die mounting pad can provide a heat sink function. In another 

embodiment, the base member includes a lead frame that is partially encased in a mold 
compound. 

Brief Description of the drawings 

30 Figure 1 is a cross-sectional view of a packaged chip according to one embodiment of 

the present invention. 
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Figures 2-7 illustrate the packaging of two dies by the method of one embodiment of 
the present invention. 

Figure 8 is a perspective view of the packaged parts after the final molding operation. 

Figure 9 illustrates the individual packaged dies that have been separated by sawing 
the sheet into individual dies. 

Detailed Description of the Preferre d Embodiments 

The manner in which the present invention provides its advantages can be more easily 
understood with reference to Figure 1, which is a cross-sectional view of a packaged chip 
according to one embodiment of the present invention. The die 16 is connected to a half 
etched lead frame 13 by a layer of adhesive 19. Half-etched lead frames are known to the art, 
and hence, will not be discussed in detail here. Lead frames of this type are discussed in 
detail in US Patent 6.420,779, which is hereby incorporated by reference. For the purposes of 
this discussion, it is sufficient to note that a lead frame may be viewed as a fabric of copper 
traces that will eventually form the interconnect points power and signal pads on the die and 
the connection points on the outside of the package. These connection points are used to 
connect the packaged integrated circuit to a printed circuit board or the like. The fabric can 
be viewed as having a top and bottom surface. The die is bonded to the top surface of the 
lead frame. The bottom surface of the lead frame 13 includes cavities 14 that are filled with 
mold compound during the molding process. The extension of the mold compound under the 
lead frame in these areas increases the strength of the bond between the conducting lead 
frame and the package, and hence, prevents the separation of the lead frame from the 
package. 

In this embodiment of the present invention, the lead frame is pre-molded with mold 
compound to fill up the gap between the metal traces on the underside of the molded part. 
The pre-molded structure also includes a cavity wall 12. Die 16 is attached to the pre-molded 
lead frame at the center of cavity 15. Power and signal pads on Die 16 are connected to lead 
frame 13 by gold wires 17 using conventional bonding. A metal cap 10 covers the pre- 
molded cavity wall 12. As will be explained in more detail below, metal cap 10 is formed 
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from a sheet having a plurality of metal caps and then separated from the sheet during the 
final die singulation process. The metal cap is covered with a layer 1 1 of mold compound to 
seal the metal cap to the package and assure that the cavity is sealed. 

The manner in which a group of dies is packaged utilizing the method of the present 
invention will now be explained with the aid of Figures 2-7, which illustrate the packaging of 
two dies by the method of one embodiment of the method of the present invention. Refer 
now to Figure 2, which is a top view of a portion of a lead frame 30 that forms the starting 
point for this embodiment of the present invention. To simplify the drawing only the portions 
of the lead frame needed to package 2 dies are shown; however, it is to be understood that the 
lead frame is, in general, a much larger two-dimensional fabric. Lead frame 30 includes a 
number of copper traces that will form the connection points between a die and the printed 
circuit board on which the packaged part will eventually be placed. 

For example, trace 38 is a pad to which the die will be attached. Trace 38 also 
provides a heat sink and heat conduction path for moving heat off of the die to the printed 
circuit board. In addition, trace 38 can provide a connection point to a terminal on the bottom 
of the die. Trace 34 is a connection point for one of the gold wire connections discussed 
above. Trace 34 is connected to trace 35, which provides the connection to the printed circuit 
board. Finally, there are a number of other traces 33 that form a backbone that connects the 
various leads together during the fabrication process. At the end of the fabrication process 
these traces will be removed by cutting the finished sheet of dies, thereby leaving the other 
traces as isolated conductors within the final package. 

As noted above, lead frame 30 is preferably a half-etched lead frame. Refer now to 
Figure 3, which is a cross-sectional view of lead frame 30 through line 31-32. As can be seen 
from Figure 3, the undersides of the traces are etched to form the cavities shown at 36. When 
molding compound is applied to the lead frame, these cavities are filled by the molding 
compound during the molding process. As a result, the conductors are molded into the block 
of molding compound such that each conductor is surrounded by mold compound rather than 
just being attached to the outer surface of the block molding compound. This arrangement 
prevents the conductors from separating from the final package. 
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Refer now to Figure 4, which is a perspective view of the lead frame shown in Figure 
2 after the first molding step. Two mounting stations are shown in the figure at 91 and 92. 
Lead frame 30 is molded with mold compound 44 to fill the gap between the lead frame metal 
and the cavity wall 42. This molding step also fills the cavities shown at 36 in Figure 3. This 
5 first molding process provides a structural member 95 having a top surface 93 and a bottom 
surface 84,and leaves the top surface of the lead frame within cavity wall 42 uncovered. 

Refer now to Figure 5 , which is a perspective view of the lead frame shown in Figure 
4 after the dies have been mounted. Die 46 is attached to the lead frame using an adhesive 
• 1 0 layer that is preferably heat conducting. The connections between the signal and power pads 
on die 46 and the lead frame are made using gold wires shown at 47. At the end of this step, 
the dies are mounted in the cavities shown at 45 and connected to the lead frame. 

Next, the metal cap that forms the top of the cavity is applied. Refer now to Figure 6, 
1 5 which is a perspective view of the lead frame shown in Figure 5 with the metal tops in place. 
The metal tops are part of a common sheet of material that is analogous to the lead frame 
discussed above, but without the half-etch feature. The tops 51 are joined together by spring 
members 52 to form a sheet of material having openings between the cavities. It should be 
noted that the spring members extend above the tops. 

20 

The spring members provide two functions. First, the spring members provide access 
to the area between the tops so that the molding compound can be introduced into this area in 
a subsequent step while allowing the tops to be placed as a single sheet over the entire group 
of dies that are being packaged. Since the sheet containing the tops is placed over a large 
25 number of dies in a single operation, the time consuming individual top placement process 
inherent in the prior art methods discussed above is avoided. 

The spring members also assure that the tops of the cavities are held firmly against the 
cavity walls during the final molding process thereby assuring a tight seal for the cavity. 

30 

Refer now to Figure 7, which is a cross-sectional view of a portion of the sheet of 
partially packaged dies during the final molding process. The sheet is placed upside down in 
a mold cavity that is defined by the plates shown at 6 1 . The plates are pressed together as 
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indicated by the arrows shown at 71 . The molding compound 62 is extruded into the spaces 
above the tops and between the cavity walls as shown in the figure. As the plates move 
together, spring members 52 are forced against the bottom plate and provide a force that 
presses the tops 51 against the top rim of the cavity walls 42. 

5 

Refer now to Figure 8, which is a perspective view of the packaged parts after the 
final molding operation. At this point, the individual packaged dies are separated by sawing 
the sheet into individual dies leaving the packaged dies as shown in Figure 9 at 57 and 58. 
The spring members and the connecting traces that were used to hold the lead frame together 
10 as a single sheet during the preceding operations are removed by the sawing operation. 

Various modifications to the present invention will become apparent to those skilled 
in the art from the foregoing description and accompanying drawings. Accordingly, the 
present invention is to be limited solely by the scope of the following claims. 
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